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4 ^-S-*^ ^*Rr A oM #^5V^r £ 

^ tfl7l^-Jil^ JL^n, ^7} £5)7} £ ^J±4 ^ 

£ 1 
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aVE^i*}^ Ir^^-i- ^*>^- ^{method of forming a porous material 

layer in a semiconductor device} 

.£ l£ ■& «>^tr ^11 ^*HH ^^ H o v ^* 

7l ^tr ^ ^iS. (process flow chart)^. 

£ 2 ifl^l E 5fe ^ tif^^r *fl2 ^*HH o)-^- HVixfl^^^ ^S^-Sr 

£ 6 ^ £ 7^r ^- ^-^^ ^UHlofl 4^ BPSG^-t^ FTIR(Fourier 

Transform Infra-Red) ^^^fl-l: iL<*|^r^ ZLBfl^-i-o] cf. 

£ 8 ^ £ 9^r ^gsj ^Ajojlofl BPSGsj-S-^ AESCAuger Electron 

Spectroscopy) ^r^^s-g. 5L^^ ZLSfl = l-ol tf. 

BPSG^l^l rfltr FTIR ^^4** -H^xr H2fliE°li4. 

£ ll^r 5. 10°fl il^^l BPSG^-fr°fl ^ ^}<$}°\] ir 0 ^ ^-g- 

tr ^1 ^m*^ FTIR ^^M- Ji^^=r ZLEflSolcf. 

£ 12^ ^Al^ofl of 5} ^1^-^ BPSG^ tflsj 7l^-i-# i<^^ 

^^V^r-^r ^M^CTEM; Transmission Electron Microscope) ^>^l°l^f. 
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w o^°fl W ?M4. 

Hfl^d*°fl ^7>S]^ ^7l^<y ^1JL#^ #71 ^^+o\\ 7 )°±?>}c*\ *}<£&^ 

. #7} «V£^4i7}2] ^4^5L# ^VAl7l7l fl«fl^ #71 #*HJ<S^£- o.^^ 

^*fl, #7l f^|^?}0 S AV^nVol ^El ^^Jl #71 X> 

Sj-^ 3.9 ^£^1 -fr##^« 3Hr4. ^34, 3.9 ^5.^1 -fr^^M** #i=. AV 7 1 ^ 

& *}S\-^SL£. #7] f^^^-fr ^*Rr -H^^ «>£^i7l-5l ^ 
#^l7l^ c-fl 514. 

^-fr^Wa low-k dielectric layer)* w o v ^°l 4^*1 ^16,451 ,712Jl 

oil "tiVS^l^}^ 4^ #^sv* ^ ^ *}$r ^ ^ 

•iLrS-^l^^Kmethod for forming a porous dielectric material layer in a 
semiconductor device and device formed)"^^ ^l^-AS ^(Dalton et al.Hl ^1 

n 711 Al^ 4 &4. #7l 4^*1 ^6,451, 712 Jl^r vflofl 7 l^.s.( pores) 

-i- ^-^*>7l *H1 #7l ^1^*1 ^<£?M- *>-§-^ ol^- ^(reactive ion etching) 7l# 
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4 *]Z} #7$ o. Aj-g-^O^ sflE^Kr ?A^r ^io S t&t]-. °H oj-e)-, >y-7l 7l^# 

O] ^-71 S^ofl Ufl ^*Hr €"*H3* *fl^«- ^ ^Cf. #7] 

&*}^-& ^71 71^-1-^ &^°\] ^± #-f)-l-(carbon residue)^ $.*il*Hr ^4- 

°fl ^*>7fl ^ $X^. ^1, ^71 ^-f^Rr ^<^nV^ 2fl E ^ 

«H Hl*>** S^fe #7] Wl^^o] ^ 7>^ ^ 91 
4. 

<12> ojofl t^H, #7l Hlo].^^ IlEfl^AE jty^ Al z}- n> 

^7] ofl^ ^ofl 7l<y^>C^ ^ olcf. 

<13> ^oZf^O.^., ^-71 t^Jf.*] ^16,451,712^^1 <#7) ^trt- ^ofl 7l 

^^^71 *H1 ^"71 ^1^*V ^3 2flE^§><^o> ^cf^ ^otol 

[^ol oI^-zlxV <5Hr 7^3 4^] 
<14> ^ ^o] o]^.^} 7]#^ -D}-*)1^ #-f}-^-g- e^-^^-S tifl *H *1 ^ <r XI 

<15> ^o] o]-j77> fjV^r 7l#^ ^-f^Rr -^-711-^^ ^ 

ofl 71^1-g; ^ (generation)^ ^ ^HHJ-i: *H^Hr 31 

5U4. 

<16> M. ^o] o]^-J7 7> <5^ S£ 4^" 7l#^ 5f^l^ ^71 ^EH^l-^ 
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^ £ *|--g-] 

XI^W". o] 71^- #*il ^--H-^ #^"8: ^*Hr 534, #7l -I- 

^^M" 7]^r# ^#71 vlHH 7f<i^H #7l vfl^l 7l^« ^^A]7l^ 53 

* i^W. #71 l-^M^r # ^4f4 ^-g-^ 5Hr^r. #7l 71^- # 7>1 

^ 53^ ^7l<y- ^.Cf ^ Jltf^ *HjAi ^Aj^Cf. ZL #7l tflofl #7] 

71^-1- (pores )°1 ^^^cf. 

#71 l-^BV^r ^ ^cf. a o v 71 ^o^o>^ BPSG^, BSG^ £^ PSG^ilS. ^ 

^*Rr 5H y>^^^>Cf. ol ^ o-o]! _ #7l -g-^(B) ^7>1- ^/JE^r ^l(P) ^ 

7,>#olcf. a 0 v 7] 71^ 85°C ^*1 150 f£S 7>^£l^ wV^*>cf. HL*h # 

71 ^#71^ 85% Ml*l 100%^ £Hr 53 °1 WV^-^I^JI, #7] Jl^-gr 27l vfl*l 

57l<y-<y 53 °1 H>^*l*r^. °H1 #71 ^#71 Ifl^l -§- -g-7f#^ #7l #^nV 

S. ^^fVcf. A o V 7 ] ^-71 i^^-S. -fr^ # &7]-#4 ti>-g-^H #71 

# ^nv^ ^1 w-s. all#^cl-(ejected). H #7] ^ 7l^l;ol 

Dl i}of7M, #7l #i $!*]»§■■§■ ^-H-*>^ BPSG^l- ^7>#^- 

^r*}^ BSG^^L °1 #71 BPSG^ JEE^r #7l BSG^ Ml 

-§-4i^7Vl-^ #71 #^7f#4 oV^-e^i ^-71 ^ ^7^4 av-g-trcf. a^, a 0 v 7] 

l-i^7>-i-^- -§-i^7>-i-^ u]]^^- #^lAltlcf( acce iarate). ^43-^-5., #7l ^<£*v 
MH 33- ^ °<J=^ 7l^#ol a^^^ - oj^ 
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<20> £ Sj-xgo. 7)^0. ^j^AlsQ ^°fl, -8-71 7l «fl °1 *8 *r^=r 3* 3 

t 5^4. ^"71 uflol^^ ^ 7 >>i ^ Udt 7>ri* -g-^71 7>^#( ambient gases)^ a> 
-g-*H 350°C ifl*l 400°CS1 ^JE^ ^Aj^Hr %6\ a>^^cf. ojofl ^e)-, # 7 1 

<21> Aj-71 ^^.O] ^7^ 71^- 7\2\#£r £A}s}^ ^.g- c] Jfc^ 

<r 3X^\. °H1 #7] xJj\o\) ZL#(silanol group; Si-OH 

bondings) °1 ^lTl^cf. n. Aj-7] -H-^ilr-a: ^ ^ *r 

<22> A o V 7l 7l#^] o] s. 7 ) ^ o. cf^-^ £fe ti}£^^> 

^*Hr 3^ i^tbcf. ^"71 # £*}#4 til-^-srl-^ 5HrCf. ^7l 

^Ti^o^nV^. ^ tiV£^7l^-# ^S. S.^Al?Jcf. Aj-7] xflofl ^7l» 

Aj^lJl Aj-7] *fl^ vflo^ oj^ o. ^7l<y-^q. jroj-^o.^ ^Al^cf. Aj-71 

tH ^ ^r£^7l^ 7><itrnf. zl ^a]-, %<£^ *fl*1| 4^1^ 71^-1- oj ^ 

^71 7l^#^r 5Hr ti]:£^7l^r# ^H^H Aj- 7l f^o^ ^ofl #^>^- 
^r^-# ^)7i*Vnf. ^-71 tifl o)^ 7 >i ^ 7}if ^71 7}^%sL a>^-*H 

<23> ^-71 BPSG^", BSG^- SE^r PSG^iL^. ^ £1^. °] ^ j^ofl , # 

71 ^£#€-8- -g-^(B) 31 T^* ^/S^r <£](P) ^Aj-l-olcf. 
<24> ^1-71 ^7l^r 85% 100%^ ^£1- ^ O] U>^-2l^|-ZL, JI<&3£- 27) 

<y- ^fl^l 57l^o] ^ o] «>^^l-4. T E i£ t ^-7] ^fl^ vfl^ ti>£^l7l^ 85°C vfl^l 150°C 
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€ 71^- 7>^^# 2A}f ^5. $X^. =L ^-7] ^Tj^aV ^ofl #^>fe ^ 

^ nl-Csilanol group; Si-0H bondings)^ ^l^^cf. o]ofl icfe)-, #7l #7i^<^Hj. 

5- ^^l2r€ ^£ 5^. -SLS13J, ^7^ ^7H£]^ ^Hl-Sr 7JM £ ifl-g-o] ^7^|-J7 

^T^i^M ^ =L$3L ^^Tfl A>A)-ol ^ flJEJ}- ^71 

^efl afl^M^fe ^ojcf. JE^l-ofl $1^1, % ^^^r 71*1-71 

^^M*! ^°lcf. 3E^r, %°\ # 7l# »>£»<*fl ^cfJl ^sH^l^ 

Tj-fofl zl^JO. ^.s a £ - 7l^ 4>oll 3)3 ^ SlTlM- SL^ ZLl- A>o]ofl 

^°1 711 ^£ *m*\ £*H #2^Ji#£r ^<Htr 

-HS.(process flow chart )°l c f. 
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<28> £ 1^- %^\^ , 71^- #°fl f-fKrfe #3^* ^*M&i=r(31). ^-71 -i- 

*£r ^(B) ^7># ^/3^r ^l(P) €*VM ^ SX^. ojE^V ^-fr 

-i-^^-o.^.^ BPSG^Kborophosphosilicate glass layer), BSG^Kborosi 1 icate 
glass layer) iE^ PSG^Kphophosi 1 icate glass layer) ^4 ^s] 

$X^. ^7] BPSG^\ BSG^ iE^r PSG^ -f-^-S] #oj- 2^ 7 )^#2V(APCVD; atmospheric 
pressure chemical vapor seposition) 7l^-g; 74-g-^-c^ 350T; 500°C^ -grS^l^ # 

*r 511 i=r. ^^O-S., ^71 BPSG^"^ ^^7}it^Ai ^KJiHlSl 7>i 

(si lane; SiH 4 ), nfol^eflo] 7>i(diborane; B 2 H 6 ), S.^ 7>i(phosphine; PH 3 ) ^ 

7>i#o] <*^-g- trtr. °H 4^, A oM BPSG^ ^4 [3**H l](chemical 

formula lH £]*fl ^^"€4. 
<29> [sj-*)-^ l] 

SiH 4 + 0 2 + B 2 H 6 + PH 3 ^Si0 2 + P 2 0 5 + B 2 0 3 + H 2 
<ao> A cM ^ 7 r ^ fl^ol ^-7} sJ-*J-7]#^ S(furnace) 

^-¥-3. yfl#^4(exhausted). £ 43 .2-3., ^-7] BPSG^ Si0 2 , P 2 0 5 ^ B 2 0 3 S. o]^o] 
^tfCconsist of). 

<31> IE ^. f # 7 ] BSG^S] f^^^r ^^7>^#^ ^-71 AHJiSfloJ 7>i , #7l cfo]^. 

Sfl^l 7}^ ^ ^7) A>Ji 7>>i» ^^7}ifS A}-g-*M ^1€4. ^7H, >^7l CHJjL 
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efl^l 7}^ 7>^£] e^-i- °H1 ncfsf, -*7l BSG^ [sHHl 

<32> [Sf^Al 2] 

SiH 4 + 0 2 + B 2 H 6 ->Si0 2 + B 2 0 3 + H 2 

<33> ^ajo.S., #71 BSG^ Si0 2 ^ B 2 0 3 3. ol^HSW consist of). 

<34> ol<4 «l^S>7fl (similarly), #7] PSG^ ^Sj^^ ^-^V^S.^ ^7} 

°1 7>i, #7l li^ 7>i £ ^"71 7}if f^7}ifS *r'-g-*M ^Al^C}. o^7l 

Ai, #7] 7>^^ SL^M 7 } +o) ca^-a. ^j-rf. ojoil rnfe}, BSG^ tq-^ij. 

<35> [s^jvi] 31 

SiH 4 + 0 2 + PH 3 ^Si0 2 + P 2 0 5 + H 2 
<36> jg^aj 0.3. , ^71 PSG^ Si0 2 ^ P 2 0 5 3. °l-¥-<H*li=K consist of). 

<37> ^#tr «r*T ^-71 BPSG^, PSG^ ^ BSG^ ^$.5. ^r-fr-*H 

-t-71 ^<Q^, ^ ^-7] ^S]# -a-^-^-C inorganic silicon oxide layer HI sfl^tr^. 
<38> 7^siH( su bsequently), #7) l^M-g- #-fr*rfe A oM ^-7l ^^-fr 

Al7l<H ^l^tr ^ (dense film quality)^- 5fe ^W(33). 
3 #3.4- -f-S-^ 800°C vfl^l 900°C^| ^r£^^ ^Al^cf. 

<39> sg^sj-^ g^r 7]&-§r cf€- 3 ^ 3. S^J tfi=f(35) . °}*\*\ 

, A oM Cf^ *«*H tflofl ^^7l# -e-^Al^JL, AV 7 ) ^ <y^# cfl7l<a-^Cf 

^ ui^^-S. ^7>Al^lcf. o]oj| c^H, Aj-7} t}=. ^ ifls] 71^ 7><ltrtK o]sq. 
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^ ^ , #7l 7}^ 7}<£*}^ cfl#ofl # 7 ] cfs. ^ #^A]2j ^51 o^cf 

. #7l cf^- vfl^ ^^7)^ 85% ^t] 100%^ wj-^-^^l-jL, #7] 

^ 27l<y- ifl^l 57l<y-<^ %o] tif^^cf. # 7 ] ^ ^ 

£1 #7l 71^:^ 85°C vfl^l 150°C°J $ °1 wf^-^^uf . 0^^. £-^7l 

*MH. ^^71 tfl^ # ^>1;^ Aj-7] ^ja^. ^f-tlrCf. ^71 ^<S^ ^ 

A oM lr^«£r #7l *4<£"-\ tfl-^S -§- ^-7|-#4 uV-g-^cx] # 7 ] cj-^- jg^ iflo] 

4^71 vfl^-jL Hfl#^cf( e jected). °H ofs}-, # 7 ] # 7 i ^-.so} H fl# 

el] 7l?J^H 71^-i.Cpores), ^ Ho] j= ( vo ids)c>l ^€^(37). 

<40> # 7 ] ^9i^ol # 7 ] BPSG^9J ^^^1, #7l ^-^#1-, ^ -g-i ^7>1- ^ o] ^7} 

l-^r ^4 ^ 4] * 5]ofl #7l # &*}^ aV-§-^. 

<41> 4] 

B 2 0 3 rl- H 2 0 ^H 3 B0 3 (^r-g-^; soluble) 

<42> [s^^ 5] 

P 2 0 5 + H 2 0 ^H 3 P0 4 (^-g-^; soluble) 

<43> ^-71 mn^ 4] 31 mn*\ 5]$.^ ^ 91^°), #71 -g-^ «*>^- ^ # 7 i <y 

^7]-!-^ # ^-7>l;5f ti>-§-*H BPSG^ S>] ^#S}cf. 

<44> # 7 j ^cgn^-ol #7} BSG^°J ^-f^l^, #7l BSG^ vfl -§"ii Q*}^ #7l [^.«J- 

^ 4] ofl ^sfl #7l # £-7>}l--4 i£-§-*H Aj-7] BSG^ 51^-5. wfl#€cf. 5Eth #7l ^ 
oJn|ol Aj-71 PSG^°J Tj-O-ofl^, Aj-71 PSG^ tflsl 9i ^7>1-^ #71 [sHM 5] 41 °-|*fl 
#71 l-^7>i-4- yv-g-^oi #71 PSG^-sl o_i«. s wfl#^cf. 
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< 45 > ^ t ^o^Kg- l-i^^>l-# ^-B-^m BPFSG^ SL^ Srdfci^l-g-g- tr-fr*rfe 

BFSG^S. ^S. ^4. °leltr #4i^-R- BPSG^C fluorine contained BPSG layer) 

SE^r BSGeK fluorine contained BSG layer)^ l-^i* ^4r*r 

tt 7}+, i?lcfl BF 3 7>^# ^ 7}^- 0.^*1 ^^4. ojeitr Ir^-fr 
(fluorine contained insulating layers) ifls) -g-i^f -#7] 7)^^% 
#7lHH ^4 ^ [3r«H 6]°fl vfl^ Iri^^l-lraif «V-g-sH ^- 7 j 

<46> 6] 

B 2 0 3 + F — »BF3 (gas) 

<47> ojo!] u}e}-, #7] ^±^r-9r ^^-i^ fluorine contained insulating layers) ^ 

^€*r#£: ^-71 #^Vl-34 *}£rZ\*] zl* ifls] ^^>*4 *V-g-*H ^-71 l-^i^- 

-fr wfl#€cf. cf^l ^lH, #71 Ir^^V-i-g, #7l -g-^7>l:^ yfl 

#^§- #3l*1^14(accelarate). ^43-2-5-, #7] ^^ej- ^ ^ 7]^#ol 

<48> # 7 ] 71-^1-cl *d<£^ ^-¥-<Hl^ t& ^ ^e}^ ^.l-(silanol group; Si-OH 

bondings H ^ 9Xt}. °) 3 tr ^ ^ ^ilr ZL-f-^r #7l -fr^l^-i- 

#^71^ c-flofl o!cHAi ov # + oi^ ^71 7l^«-§- ^ 

Hflol^l^c^ ^-71 ^<gBV xj\2) ^171^ ?H ti>^^cf(39). -£7l ttHo]^^- ^ 

^ 7r^ ^ ^ 7^1- ^-^71 7^1- (ambient gases )^ ^j-g-^H 350 °C 400 
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<49> AJ-71 Bflolsg ^oj ^Elt ^f^ <^*) ^ olcf. O] 

°H -8-71 ^7^ 71*9- ^Hl ^l^d* a^j-A^H ^B^g. ^.g.^ ^ 

*^ w>^*]s}cK4l). ^"71 74^^ #7l *]e^ ZL#, ^ ^71 Si"0H ^* 

(bondings)^: sj-^H °fl M *1 » 
<so> ^^j- ti}.^ ^-o) ^. ^-^^ ^ ^aHH) ccfs^ > « 7 ) ^o^Kinorganic 

insulating layer) ^ lr^l"«^ # ^4 #4 ^-§-*H A o v 7] ^-7l ^JfsL 
«fl#^cf. *r&H ( ^71 cf^-Aj ;g<?ini-( inorganic porous insulating layer)-g- ^*Rr 

^tr ^£t°14. ^Hl^r ##tr ^Hafl-i- Af-g-^H ti>£Afld^7> 

<52> £ 21- , tiV£^l7l^;(ll) f^^«S^(13), afl^tf) ^ #^o§^-o.. 

<53> £ 3°. ^7l #^0^(13)-!: X| 1 ^HS}- ^.Qj^ h o V^ ^5] 

*H ^"71 #^>^^ev(13) ifl^l 4^7fl^1 7l^l-# o}6\] #7] f^^o* 

^(13)£r #?i^<?l^(13a)^-S. ^fltKconverted). tR-^ ^tV^^sv 

(13a)^- -§-^ nfp>Ai 7l#o)] a>^-51^ Aiq- ^.03. 2fl^*H :jl 
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(15) g ti)^€-€-(17)# ^^W. #7) wfl^d :^f-J±S(15) ^ Wl ^l-#(17)^r ^*f7l 
^tb ^^f^^r ^"#^il5L ISB^lil *H€C£*l*r*l #-§-)* ^ 4^21 A)-g- 
*H #7) ££^lil j^o. ^ Aj« o] s^^q. 4^ , Aj- 

71 tiflAj zl^-w.1:(15) ^ wlo>^s.(i7)^. ^^*V ^o 1 i ) ^3-7] sfl^ a]-^ 

#(15) ^ tiW«(17)3l ^ej-i-, ^ ^71 #7i^ol^(13a)o] #7l #^ 

*H1 ^7] ^^^^^(133)^1 ^7] #± #^Z,pH1 o)^ ^Aj-^ 

TIM- €<8=1t=- 3^8: y o v *m ^ aIM-. °lr, #7l tf^Aj ^<a^"(13a) vfl*II ^ # 

-B-l-o] ^7fl*H 8>7] nfi^-ojtf. ^ozf^o.^., a o > 7 ] afl ^ zl#- til: (15) ^ wW##(17) 

£ 41- ^"71 tifl^i ZL-f-«l-(15) ^ tilc>^l-(l7)^- #±=. 71^-2] 

^ ^Hl ^^H21)-|r ^^W. ^-71 ^r^(21)£- ^ wl7-]%> ^ fe^r -g-^(high 
melting point)# ^ ^3^°-^ *r 5^. ^^(21)* ^^}7] *H1 , 

^7} tifl^j n^-a.s.(i5) ^ «]o>l-l-(17)# ^£^71^-2] Aj-ofl 

(conformal) Sf^V y ^M(di f fusion barrier layer; 19)^- ^£>^ ?H 

^^*Vcf. A o i: 7l ^^(21)* ^nj-Ojg. %^f>\±= ^^}, #71 ^ « 0 V^n^(19)^ ^ 

*H1 7l^l^H ^71 ifl<^ ^-5} f^^^t 13a) 

£ 51- ^7] cf^-Aj #^^<a^f(13a)^ ^^o] nfl^l Aj-7] s. 

^(21) ^ ^> ^1^-(19)# ^sM^ic}-. n ^4, >y-7l tifl^i zi-f-;y.i-(i5) tfl<*n 
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^«fl^il-(21a)ol ^SU, #7l ^f«ll*I«-(21a)2l g SH^S-g- t-e1*Rr 

l^# H o v *l^ J4|€*(19a)<>l $#^cf. #71 ^tifl^l-(21a)^r #7j «] o>*^-(17)^: 
^ #7] a>£^l7l^(ll)ofl ^7l^o. S ^€^1-. 

< 56 > #^*V til-sf ^o} £ ^12 ^aHHI o] ^afl^l-(21a) 

^ol^ o^ofl o>^^. #^<S^-(13a)ol ^|#€^. °H n^h # 7 1 

^^afl^s.(21a) A>ol^ ^iflAl^^ ^^§1 ^ ^cf. SEth #7] ^ 

^ #?i^^mi3a)^r -¥-71 ^^b|o1es, #71 t|^# ^TV^ <£ ^( 13a)* sflE^^l 
^ ^ #71 zfli^ *fl?1*l-7l ofl^ ^ 5L#oil cf^ 

^ ^^^(lSaH ^#5l7lM- ^s]^ « 0 ^m ^ SU^. °H 1421-, #71 ufl^d 

n^«.#(15) ^ «lo>*-i-( 17)^1 SS.^-^#oi ^^jsi^ ^ 5^. ^ 

-43-°-5., -?-^*!; <I3 Ml^( excellent thermal immunity), -f^rtr ^(excellent 
etching immunity) ^ ^ 4r^#^» ^ ^<3^M: ^ W *r 5^4. 

<57> 0^1 s.; examples> 

<58> #7l ^AHl-i-ofl 4=. c^y}^ BPSG^l:^ ^3*M Cf-§- 

<59> ^ , tiV^^l 7l^# #ofl ^ ei 7>*1 °) -i-^-i- ^Slr-g; BPSG^#* 4500 A ^ 

¥^1S ^^^V^cf. ^^1^ O.S., #71 BPSG^l-ar ^ ^ «y ^£l-ol zj-zj- 

2.98 wt% *fl*l 5.54 wt%£l ^ ^ 2.67 wt% tfl*l 8.7 wt%£l ^ iflofl ^ 
Sl^cf. #71 BPSG^l-l: ^ ti>5L^7l^#* ^ xfls. 5.^Al7l^cl-. #71 

BPSG^ ^5. 7^3.0^ ^e Al7l7] jg^ ^o} ti_V£^7l^-#* 2^1 
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^HU^ch ff^^a- 100%^ i2rc^ ^rs. ^ 27i<a-^ <y-^-i- # 

<eo> a o v 7 ) ^ig^ BPSG^"*( cured BPSG layers) v|H ^*fl^Hr <#o_ ^lR asie 
(Fourier Transform Infra-Red Spectroscopy) 5]- ji l-ej-f^- 
(measurement equipment)* >M-8-*M ^^^^f. #7] BPSG^rl- ifl°fl ^fl^ 

#3 Si-OH tfltlr % ^^(absorbance)S.^ ^7>* ^ °13tr # 

<61> [ £ 1] 



-g- 



£fe BPSGgM-3] g^^Kwater absorbance) 



91 



L(wt*> 



2.98 



8.26 



0.31 



3.39 



6.33 



0.72 



4.24 



8.44 



0.88 



3.57 



4.76 



1.39 



4.46 



6.5 



2.05 



4.5 



4.78 



2.58 



3.61 



2.67 



2.67 



4.62 



3.33 



3.12 



5.2 



3.9 



4.44 



5.4 



5.1 



7.06 



5.54 



3.5 



7.07 



5.2 



6.03 



7.37 



<62> 



iH=Hr -2-^1 3 -g-i ^£ofl «l3jl§>^Cf. ^7) «y ^7>^ ^-71 BPSG^ ^ 

1- (water absorbance)^ #^1- ^Bfl^^JI, #7l ^7>^ <%7\ BPSG^ ^ 

^7>* ^sflel-^cf. £ 43 0.5., ^. 7 ] ^ig^ BPSG^ ^ 7l^-# (pores )^ ^ 
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» ^7>A]?l7l flSlHfe, # 7 1 91 "SS-xr 6wt%J±4 ^-o>o> ^ ^-7] -g-^b ^5L^ aJ<H 
S. 3wt% Ji4 £<>V°) £ ^ 5a&^. 

£ 6^r ^^/H]l-S.^ 3^ BPSG^Kas-deposited/ref lowed BPSG layer) ^ £ ^ 
^ ^HHl 45} fi^^s} BPSG^Hl cfltb FTIR ^l^-M- n 2fl = o] . 

a> 7 ) ^av/^^^o. BPSG^ -g-±: ^S. 3? <y ^£7> z^-zj- 6wt% ^ 

4wt%°lJE^- ^3534. -8-71 &2t/B\&3.+ BPSG^^r 4500A^1 *M|3. % 

^£4. £ 63] ZLefl^ofl <&o]x\ t 7}5.^(the abscissa)^ 4^r(wavenumber)« M-Efvj] 
JL, /ilS^(the ordinate)^ #7l z| cfl-§-*Kr £-<iHl tfl^ ^ ^-§- 

(absorbance)^: M-^^cf. Stt, ^ l£r #7l ^^r/^^S.^- 2\^2] BPSG^Hl tfltb 
FTIR ^^°]JL, ^ 2 ~ #71 BPSG^l tflt!- FTIR ^^0)^. ^ 

°fl 3-*He> 100%^ 271 ^ ^ 121°C^ ^r£» 5^ S?i §>ofl 

£ 6<H1 ^.^^1 rfls., #71 BPSG^ v)H tfo>5te B -0 ^ P = 0 

^1"^ #71 #^/Hll-S.-f BPSG*Kas-deposited/ref lowed BPSG layer) 4) €^fl*|- 

tt B-0 ^ P = 0 «1*H 7j-^5l^4. olei*V #71 

^€ BPSG^ iJHl t&si\ 7)^0] Blol^-cf. 

£ 7£r 7wt%sl -g-i ^£ ^ 4wt%^ <?] ^ ^V3#S-f 3^ BPSG^- 

<H1 rfl<jj}a} £ 6 «1H 3J*r -§^tr y o v ^# *r-§-*H «a<H^l FTIR ^^^^^ J± 

ZlEfl^olcf. ^, £7^£ 6°lH #71 ^2}"/e)l-S.-f BPSG^ 

31-18 



1020020069262 #^ 2003/3/6 

5. 6 ^ £ 7# #S*>^, #71 ^ ^S.7> 6wt%S-^-El 7wtftS. ^7}%o\] nj-ej:, B 
-0 ^-^1" £ P = 0 ^-^1-^ 3]£i7> ^^1 Aj-S^t}. o_^, #71 -g-i: ^£3] 

£ 8 ^ £ 9^ ^e^M^l ^51#^- BPSG^l-^ tfl^ AES( auger 

electron spectroscopy) ^^^M-M: JSL^^r^ ZLSfl^l-ol cf. £ 8^1 nsfl£i , 
7}S.^^ *]£-^r°\] tfltr ^14 ^(sputter etch time)^- ^^\5L, # 

5a©H, 7>S^ ^lSl^l rfltr ^3 +\A M^i^, Afls^ #7l A ^ 

-t^H^ -g-i 91 *£*o] <^7H, #71 £ 6 ^ £ 7<^1 

£ 8^8: ^-S*>^ , 6wt%£l ^ 5^ BPSG^# fr<H *g tr M , #7l *8 

€ BPSG^ ^ ^-^7}%o] o§<^ 5^ tfl^l 13^ E-l xjz} Al^Vofl tsfl^ 

*>Sr a°lt JiS^. ©H 7wt%^l -g-^ ^£1- ^ BPSG^-# fr^tr ^1, 

#71 if<H*8€ BPSG^ ^ -§-^€*r#°l ^€ ^-8: 202: ialEl ^z}- X\ 

TVofl 811 a©l» ^-^4. °H1 tir&f, #71 -g-i ^£S1 ^7Rr cf^^ °J ^ ^ ?i 0 l 

£ 9» f^/e^^-f BPSG^ ^ f7}i£ *^ 

*>JL, ff^€ BPSG^ ^fl^l o] ^. £7 |. cgctfo] ^ol7l- #7>*>^cl-. oloi] r4e)-, 

#71 ^7>^ ff^^ *3 #71 -g-i ^£©1 Z>^ 0>^-^A-l A o T- 7 ] o] 
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£ 10^8: <*| z\ 7\A 9] ^)^4r £±r ^/^3--$- A^ BPSG^ofl tfltb FTIR ^ 

^ 3-8-€ ^lfiti tfl^- FTIR J±<^fe ZLSfl^olrf. a o v 7 ] 

BPSG^l-^r 7wt%3 -f-i ^£ ^ 4wt%^ ^^lM. 
£*K ff°l^ 121°C^ 100%^ ^£ ^ 271^2] ^ 2:^1 

ofl^ 7 a1^> -g-o}- £ 10 ^ £ 11<*IM, 7>S.^^ ^(wavenumber)l- ^E^-xfl 

JL, ^7) 4 % q-E}^cf. 21 tb, 

1 ifl^l 4fe AA 2000A, 4000A, 6000A ^ 8000A^ ^Tfl^i- g-fe BPSG^lr^l tfltr 
FTIR 

£ 10 ^ £ lH| JjL^^I cfls, ^-71 ^^/^^S.^- BPSG^-l-^ ¥^17> & 

^Mh ^"71 JL^Hr IM^&^r. ^H^-S., ^-7] 4000A, 6000A ^ 8000A 

^ ^MIM- ^xr BPSG^-i-^r #7l fM?y ^ ^ofl £ o^^^l B _o ^.xgs. ^ p = 0 ^ 
^Ir^l tfltr s|H«(peaks)^r 112} 2, 3 ^ 4 #2). <>H , # 

7l 2000 A -21 ^Tfl-I- BPSG^ ^7l fr<H^ ^ J=Lofl B-0 ^ ^ P = 0 

^Itr ^ilS iL°l*l &£W:E 11^ ^ 1 %rS). 

£ 12^r ^-^sl ^Al^sofl BPSG^-^I 7l^#^ Ji^^ *I 

^r^^r ^M^(TEM; Transmission Electron Microscope) ^V^l°14. 

-£ 121- ^-S*>^ ; 7l^-(51)£r -§-4i(B)^ tifl#(ejection)^l 7l°]<5H 
£.°]JL, 71^(53)^: ^(P)^ tifl^cH] 7l<?l*H Holcolx^-. ^-7] 7l^-(51)£) ^ ^ 

£r ^ 30 xfl^l 50AO1&J1, <#7] 71^(53)5] 100 150Aol^cf. 
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< 74 > ^-o] a. ^6|) rrfa^ ^-^n| ^cq 0.^.0] ^>#az)- 
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[3^% 1] 

7]% #-g-7}-#^ tiV-g-lsHr «-fr*Hr #^^8" S^uL, 

A oM M^-g- ^ cfl7i^t+ ^ ji<y-^ *HH ^i^ji ^#7i mhh 

7>£sH >y-7l uflcH] 71^-i- (pores )-£ -^^lSr 3* £#*Hir 

2] 

[^^^ 3] 

*11 2 5^1, 

#7l ^<*l^£r BPSGB]-, BSG^I, PSG, Irdi ^--fr*}^ BPSG^ V S±r Q 

^-fr* r £r BSG^S *§^*}5\ , ^7} 1:^1-1-^ -g-^(B) ^7>1- ^/SL^ °1(P) 
^7>#ol *}^r 4^ . 

4] 
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^"71 ^#7l^ 85% ^^1 100%^ 51 -8- ^ <8 

[3^8" 6] 
4 1 

^-71 JL^^r 27l<y- tfl^l 57l<g-o] ^ ^lo^ 
7] 

(ejection)^ ^*fl fr}^ ^^wj-^. 

[^nF* 8] 

*fl 1 &<>H, 

^"71 7)^#^- ^^^1^1 ^°fl , ^71 71^1-^- 71^ tiflol^l^ a o V 7 ] ^^nV 

9] 

31-23 



' 1020020069262 %■^ 2003/3/6 

^7} aflol^ + ± ^ ^ ± 7>i» ^7] 7fif( ambient gases Af-g-^ 

^ A oM 350 °C 400°CS 7]-^^ ?A^r i^>^ ^-§r ^lo 

[^Ih 10] 

^i 8 %hi sa^i, 

a}*H ^-71 xflofl ^§>^ ^e}^- ZLf-(silanol group; Si-0H bondings)!- 

111 

^-7] ^ tin ^7l» ^-71 5g^<3] <y-^ cfl7l«a-titq- ^ JL<y.^o. 

5. #7} A] 71JJ1 ^T-71 ^tH lfl<^ ti>i^7l^-* 7}^}<^ , #7} vflofl 7l ^g- 

^"71 7} ^ ti>£^7l^ ^ 7>>1 ^ 7>>il- 7l 7>i#5L A> 
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12] 

^1 11 * 0 H1 91 °H , 

#7l f^^^gr BPSG^I, BSG^-, PSG^, ^ ^*}^ BPSG^j- 5Ett ^ 

^ ^7>#-g- ^-f}-*>^ BSG*-\°)s\, #7l ^-§-§£r -fii(B) ^/Srr «y(P) 

13] 

11 

A oM ^#7l^ 85% vfl^l 100%^ ^£1- g±r ?A=r ^$£.3. SRr ^JE^li*}^ 4 

[^T 1 * 14] 

^1 11 5^1, 

#7l Jl^^^ 271 <y- tfl^l 57}<S°1 3* ^J^L €r>^ aVS^l^l-^ *)1^#^ . 
15] 

11 5U<>H, 

#7l iflSl #71 tiV£3l7l^g: 85'C ifl^l 150°CS1 ^£5. 7>^5l^ ^ ^ 

§>Tr «]:£^1^7>S1 ^lS«o v ^. 
16] 

4 11 *cHl 91°)*], 

#71 7)^#^ #71 ^#71 tfl^l # ^-7>l-4 ^V-g-tb #7l ^r^#l-Sl tifl#o]l o^fl 
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17] 

A 11 *J"°fl SU*H-H , 

2-1^}* SA|-<5H #7] f^^sj- tflo^ ZLf-(silanol group; Si-OH bondings)^- 

181 

*ll 11 * 0 H1 



31-26 



1020020069262 



% 2003/3/6 



1] 



33 



-35 









«fii c 











-37 



-39 



-41 



[5L 2] 



13 



J- 11 



[51 3] 



13a- 



15 17 



15 17 

~n ^ ) io _ «» o 0 w 



o o e 



• « ° ° ° 

° ° o 



r*» <> *o° 



t 



13a 



J^-ll 



31-27 



5 1020020069262 



M Q*}- 2003/3/6 
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8] 



o 3 

< :.- 

JiO t ,2 

CQ: 



BPSG(6.0B, 4.0P) S^ ■* 
-* BPSG(7.0B, 4.0P) ^ 



-«BPSG(6.0B. 4.0P) Mm 3 A*} 



5 10 

Sputter Time(SEC) 
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[51 91 



o 

< 3 

IH 
i|0 

Q. 2 



. A A 

A r\fc A / \ 

A... .A" * A-v \aJ. *** • 



BPSG(6.0B, 4{0P) ^^; 
BPSG(7.0B, 4.0P) 
- BPSG(6.0B, 4.0P) &*=r *j 



1 10, . y. 15 

Sputter Time(SEC) 



20 



10] 



<l- 
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[5L 11] 
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